Both high and low salt intakes have been reported to be associated with an increased risk of cardiovascular events. The aim of this study was to investigate the relationship between daily salt intake and albuminuria, a marker of diabetic nephropathy and cardiovascular disease, in patients with type 2 diabetes. We classified 270 patients with type 2 diabetes, who were not receiving antihypertensive medication into four groups according to their daily salt intake (o8, 8-10, 10-12 and 412 g per day). We investigated the relationship between daily salt intake and the logarithm of urinary albumin excretion (UAE). A multivariate linear regression analysis was used to evaluate whether daily salt intake independently correlated with the logarithm of UAE. In addition, we assessed the contribution of the variables, including age, sex, duration of diabetes, body mass index, systolic blood pressure, hemoglobin A 1C , low-density lipoprotein cholesterol, triglycerides, serum creatinine, alcohol intake, smoking status and square of (daily salt intake À10) on albuminuria, defined as a UAE430 mg g À1 of creatinine, using a multiple logistic regression analysis. The logarithm of the UAE was lowest in the third quartile of daily salt intake. The multivariate linear regression analysis demonstrated that the logarithm of the UAE was significantly correlated with the quadratic term of daily salt intake centered at 10 g per day (b ¼ 0.170, P ¼ 0.008). The multivariate logistic regression analysis demonstrated that the odds ratio (95% confidence interval) of albuminuria was 3.996 (1.295-12.327; P ¼ 0.016) in patients whose daily salt intake was less than 8 g per day compared with patients whose daily salt intake was 10-12 g per day. In conclusion, low daily salt intake was correlated with albuminuria in patients with type 2 diabetes, who were not receiving antihypertensive medication.
INTRODUCTION
The purpose of long-term care for diabetic patients is to prevent the development of diabetic complications. Both diabetes mellitus and hypertension are important risk factors for diabetic nephropathy and cardiovascular disease. Therefore, it is important to control both blood pressure and blood glucose to prevent microvascular and macrovascular complications.
Epidemiological and clinical studies have demonstrated that high salt intake is associated with hypertension and an increased risk of cardiovascular events. [1] [2] [3] [4] High salt intake is a predictor of mortality and risk of coronary heart disease independent of other cardiovascular risk factors, including blood pressure. 5 Furthermore, high salt intake increases extracellular sodium concentrations, may adversely affect vascular reactivity, 6 and induces myocardial and renal fibrosis. 7 On the basis of these results, many guidelines have recommended salt restriction, especially for patients with both type 2 diabetes mellitus and hypertension. Recently, however, low salt intake has also been reported to be associated with an increased risk of cardiovascular events and mortality. [8] [9] [10] In this study, we investigated the correlation between daily salt intake and albuminuria in patients with type 2 diabetes.
METHODS Patients
Daily salt intake was measured in 270 consecutive patients with type 2 diabetes, who were not receiving antihypertensive medications and who had regularly attended diabetes outpatient clinics at the Hospital of Kyoto Prefectural University of Medicine or one of four other general hospitals. Blood pressure was measured three times in one session by a trained nurse using an automatic device, the HEM-70801C (Omron Healthcare Co. Ltd, Kyoto, Japan), with the patient seated after resting for at least 5 min. Type 2 diabetes was diagnosed according to the Report of the Expert Committee on the Diagnosis and Classification of Diabetes Mellitus. 11 Retinopathy was assessed using mydriasis by ophthalmologists who were unaware of the data of both patient daily salt intake and blood pressure, and was graded using the following categories: no diabetic retinopathy, simple diabetic retinopathy and proliferative (including preproliferative) diabetic retinopathy. If the findings in the left and right fundi were discordant, the worse side was taken as representative for the subject. Cardiovascular disease was defined as a previous myocardial or cerebral infarction based on the clinical history or physical examination. We excluded patients who had advanced renal dysfunction (serum creatinine42.0 mg dl À1 ). Information, including age, duration of diabetes, microvascular complications, macrovascular complications, alcohol intake and smoking status, was obtained at the time of blood pressure measurement. Alcohol intake (never, social or daily) and smoking status (never, past or current) were assessed by interview. All patients gave their informed consent to participate in the study.
Study design
We classified 270 patients with type 2 diabetes, who were not receiving antihypertensive medication into four groups according to daily salt intake (o8, 8-10, 10-12 and 412 g per day). We investigated the relationship between daily salt intake and the logarithm of urinary albumin excretion (UAE). We then evaluated if daily salt intake independently correlated with the logarithm of UAE by multivariate linear regression analysis after adjustment for the following variables as confounding factors: age, sex, duration of diabetes, body mass index, systolic blood pressure, hemoglobin A 1C , lowdensity lipoprotein cholesterol, triglycerides, serum creatinine, alcohol intake, smoking status and daily salt intake. In addition, we assessed the contribution of the variables on albuminuria, defined as UAE430 mg g À1 of creatinine, using a multiple logistic regression analysis. Approval for the study was obtained from the local Research Ethics Committee, and informed consent was obtained from all participants. This study was conducted in accordance with Declaration of Helsinki.
Data collection
Blood samples for biochemical measurements were taken in the morning. Hemoglobin A 1C (expressed as National Glycohemoglobin Standardization Program values), serum lipid concentrations and other biochemical data were determined by standard laboratory measurements. The UAE was measured with an immunoturbidimetric assay. A mean value for the UAE was determined from three urine collections. The glomerular filtration rate was estimated using the equation of the Japanese Society of Nephrology: estimated glomerular filtration rate ¼ 194 Â Cr À1.094 Â age À0.287 (ml min À1 per 1.73 m 2 ). For women, the estimated glomerular filtration rate was multiplied by a correction factor of 0.739. Daily salt intake was estimated by a spot urine sample using the following equation: 0.0585 Â 21.98 Â (urinary sodium/ urinary creatinine Â (14.89 Â body weight (kg) þ 16.14 Â height (cm) À2.04 Â age À2244.45)) 0.392 . 12 
Statistical analysis
The values are expressed as the means ± s.d. for the continuous variables and as the number of patients for the categorical variables. As the UAE showed a skewed distribution, the logarithmic transformation was carried out before performing the statistical analysis. A one-way analysis of variance was performed to detect differences among the four groups. The w 2 -test was used to compare categorical variables among the four groups. In the multivariate analysis, the independent variables included age, sex, duration of diabetes, body mass index, systolic blood pressure, hemoglobin A 1C , low-density lipoprotein cholesterol, triglycerides, serum creatinine, alcohol intake, smoking status and square of (daily salt intake À10). We designed a multivariate linear regression model including a quadratic term of daily salt intake to identify factors independently correlated with the logarithm of UAE because we assumed a reverse J-shaped relationship rather than a linear relationship between daily salt intake and the logarithm of UAE. In addition, we assessed the contribution of the variables on albuminuria, defined as UAE430 mg g À1 creatinine, using a multiple logistic regression analysis. Values of Po0.05 were considered statistically significant. All statistical analyses were performed using SPSS version 11.0 J (SPSS Inc., Chicago, IL, USA).
RESULTS
The mean daily salt intake was 8.8±2.3 g per day. The clinical characteristics of the patients according to the quartiles of daily salt intake are shown in Table 1 . There was a significant increasing trend in body mass index and degree of retinopathy with increasing daily salt intake. Conversely, there was a significant decreasing trend in age with increasing daily salt intake. A box and whisker plot was used to demonstrate the correlation between daily salt intake and the logarithm of UAE, and showed that the logarithm of UAE in the third quartile of daily salt intake was significantly lower than that in the first (Po0.01) or second (Po0.05) quartile of daily salt intake ( Figure 1 ). In the multivariate linear regression analysis, which included a quadratic term of daily salt intake centered at 10 g per day, the logarithm of UAE was independently correlated with age, systolic blood pressure, smoking status and the quadratic term of daily salt intake centered at 10 g per day ( Table 2 ). The multivariate logistic regression analysis demonstrated that the odds ratio (95% confidence interval) for albuminuria was significantly higher in patients whose daily salt intake was less than 8 g per day compared with that in patients whose daily salt intake was 10-12 g per day (Table 3 ). In addition, age, systolic blood pressure, low-density lipoprotein cholesterol and serum creatinine independently correlated with albuminuria.
DISCUSSION
This study revealed a reverse J-shaped relationship between daily salt intake and albuminuria in patients with type 2 diabetes. Furthermore, a quadratic term of daily salt intake centered at 10 g per day correlated with the logarithm of UAE independent of classical risk factors. No previous study included a low salt-intake group, or applied a quadratic term of daily salt intake in a linear regression model. The use of these methodologies may have led to our new findings.
Previous studies have demonstrated that high salt intake is associated with an increased risk of cardiovascular events. [1] [2] [3] However, recent studies have reported the possibility that low salt intake might also be associated with an increased risk of cardiovascular events and mortality. In patients with type 2 diabetes, low 24-h urinary sodium excretion has paradoxically been associated with increased all-cause and cardiovascular mortality. [8] [9] [10] Concerns about low-salt diets were first raised by Meneely et al. 13 and Dahl and Love, 14 who linked decreased salt intake to growth failure and increased mortality in rats. Dong et al. 15 revealed that low dietary salt intake independently predicts the high overall and cardiovascular mortality of dialysis patients.
One possible explanation of this result is that excessive dietary salt restriction leads to increased angiotensin II and aldosterone levels, chiefly via an increase in plasma renin activity. There is also evidence that a reduced salt intake is associated with the activation of metabolic and neurohormonal pathways, including the sympathetic nervous system and the renin-angiotensin-aldosterone system, an increase in total and low-density lipoprotein cholesterol and a reduction of peripheral insulin sensitivity. [16] [17] [18] Our study has several limitations. First, the cause and effect relationship between daily salt intake and the logarithm of UAE could not be determined because this study is cross-sectional. Second, daily salt intake was estimated from a spot urine sample. However, the Figure 1 Correlation between the quartiles of daily salt intake and the logarithm of urinary albumin excretion. Data are presented as medians, 25th and 75th percentiles (boxes), and 10th and 90th percentiles (whiskers). The logarithm of urinary albumin excretion in the third quartile was significantly lower than in the first (Po0.01) or second (Po0.05) quartile of daily salt intake. *Cut points for the quartiles of daily salt intake were 8, 10 and 12 g. Low daily salt intake and albuminuria K Sakabe et al values obtained from the spot urine method correlated highly with those obtained from 24-h urinary sodium excretion, 19 and the usefulness of the spot urine method has been confirmed in population studies 20 and in hypertensive patients. 21 We speculate that excessive dietary salt restriction leads to increased angiotensin II and aldosterone levels, chiefly via an increase in plasma renin activity. Protein consumption is also known to be a critical factor in albuminuria. Unfortunately, we do not have those data in our study. Recent reports, including the present study, raise the possibility that a strict restriction in dietary salt intake may be a risk factor for cardiovascular disease. This finding requires further investigation with well-designed, large-scale prospective studies.
CONCLUSIONS
Low daily salt intake was correlated with albuminuria in patients with type 2 diabetes, who were not receiving antihypertensive medication.
